The objective of this study was to determine the nutrient composition of selected commercial biscuits in Malaysia. A total of six brands from each type of biscuit (chocolate chip, corn, cracker with sugar, vegetable (34.12-39.64 g per sajian), kalsium (26.09-384.67 g per sajian), magnesium (10.42-37.24 g per sajian) dan mengandungi perkadaran asid lemak trans yang rendah (0.01-0.41 g per sajian).
INTRODUCTION
In Malaysia, there is an increasing trend in the consumption of ready-made or convenience foods such as bread, biscuits and cake. A study of food consumption patterns among Malaysian adults carried out between October 2002 and December 2003, placed biscuits in the top ten food items consumed daily by this group. The study also showed that 16.3% of the local population consumed an average of 5 pieces of biscuits daily (Norimah et al. 2008) , showing that biscuits were a popular food item in Malaysia. Biscuits are also the most popularly consumed bakery item in other parts of the world. The reasons for such wide popularity are their ready to eat nature, affordable cost, good nutritional quality, availability in different flavours and longer shelf life (Gandhi et al. 2001) .
Working adults in Malaysia have a busy lifestyle, thus biscuits constitute a food that may be consumed anywhere and anytime without too much bother. This is one of the reasons biscuits are highly consumed by Malaysians in urban population. Nowadays, a heightened awareness has made Malaysian consumers demand healthier foods and biscuits are not immune to this trend. In response to this awareness and demands, biscuit manufacturers produce healthier biscuits such as cereal-based biscuits and vegetable-based biscuits. Despite this, Malaysian consumers still prefer normal flavoured biscuits such as chocolate chip and cream crackers. Crackers are biscuits that are unsweetened, salty, thin and crispy and cream crackers are highly sought by consumers in Malaysia chalking up a significant place in biscuit sales in the country (Neo et al. 2007) .
In order to boost the sale of biscuits in the country, manufacturers in Malaysia introduced convenient individual biscuit packaging. This step also caters to the busy lifestyles of Malaysian consumers who need to consume crackers wherever they want. Biscuits are also a food item that is included in the Updates of Malaysian Food Composition Database. Commercial trade and market globalization dictates that each should need to have a comprehensive and current Food Composition Database to comply with the requirement for nutritional labelling. Furthermore, Food Composition Database facilitates the trade among various nations. The aim of this study was to determine the nutritional composition of six selected Malaysian commercial biscuits.
MATERIALS AND METHODS

SAMPLE COLLECTION AND PREPARATION
The criteria for biscuits selection was based on the data provided from Malaysian Adult Nutrition Survey carried out between October 2002 and December 2003. The most consumed biscuits, taken from both the 24 h diet recall and food frequency questionnaire methods, were selected for analysis. A total number of six brands from each types of biscuit, namely chocolate chip, corn, cracker with sugar, vegetable flavoured cracker, cream filled, oatmeal, shortbread, and fully coated chocolate wafer and five brands of wholemeal crackers were sampled from local supermarkets in the Klang Valley. For each brand, one kilogram of samples was purchased. All samples were collected in 2011. They were then ground into fine powder using a food grinder, transferred into the air tight containers and kept at ambient temperature until further analysis. Analyses were carried out in duplicate.
PROXIMATE ANALYSIS
The moisture content was determined using the drying method. Ten grams (10 g) of finely ground samples was dried for 5-8 h in air-oven at 105 o C until constant weight was obtained. The amount of moisture in foods was the difference between the weight before and after drying (AOAC 2008) .
Protein content was determined using Kjeldahl method (AOAC 2005) . A finely ground sample (1 g) was digested with 15 mL concentrated sulphuric acid (36 N) at 420°C for 1½ h using a block digestor (Gerhardt, Germany). The digested solution was cooled at room temperature and then transferred into a distillation unit (Gerhardt, Germany) where the contents were diluted with 100 mL distilled water, followed by the addition of 80 mL 40% sodium hydroxide solution. The mixture was then distilled and the ammonia liberated was collected in a 400 mL beaker containing 50 mL 2% boric acid and a few drops of screened methyl red indicator solution. This distillate was then titrated against 0.1N H 2 SO 4 and calculated for total nitrogen. A conversion factor of 6.25 was used to convert the measured nitrogen content to protein.
Fat content was determined by the semi continuous solvent extraction method (AOAC 2006) . A finely ground and homogenised sample (1-3 g) was weighed into a hydrolysing capsule for hydrolysis using an automatic hydrolysing unit (Gerhardt, Germany). The hydrolysed sample was then transferred into an extraction thimble. Cotton was placed as a lid and the fat extracted with petroleum ether at 40-60ºC using an automated fat extraction system (Gerhardt, Germany) for 2-3 h. The petroleum ether collected was dried at 105ºC for 3 h, then cooled in a desiccator for 1 h and weighed for the fat content. Available carbohydrate content was calculated by subtracting the sum of protein, fat, moisture, ash and total dietary fibre from 100% (Menezes et al. 2004) .
Total dietary fibre (TDF) was determined using the enzymatic-gravimetric method (AOAC 2005) . Samples of dried foods (1 g) with fat removed if containing >10% fat, undergo sequential enzymatic digestion by heat stable µ-amylase, protease and amyloglycosidase to remove starch and protein. For TDF, the enzyme digestate was treated with alcohol to precipitate soluble dietary fiber (SDF) and the TDF residue was filtered, washed with alcohol and acetone, dried and weighed. The TDF values were corrected for protein, ash and reagent blank (TDF = weight of residue -weight (protein + ash)).
Ash content was determined using the dry ashing method (AOAC 2005) . A clean silica crucible was placed into a muffle furnace at 550 o C over 5 h. The silica crucible was cooled for 1 h in a desiccator and weighed at constant weight. Finely ground sample (3-5 g) was then weighed into the constant weight crucible. The sample was preashed by heating the crucible on a hot plate that was subsequently placed in the muffle furnace at 550 o C for 6-8 h to complete the ashing process. The crucible was then cooled for 1 h and weighed for ash content.
MINERALS CONTENT
Mineral content such as calcium (Ca), sodium (Na), magnesium (Mg), iron (Fe), zinc (Zn) and copper (Cu) were performed using Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) (Perkin Elmer, USA). Approximately, 3 g of finely ground samples were digested using dry ashing method (AOAC 2005) . The resulting ash was dissolved in 7 mL concentrated hydrochloric acid and then diluted to 100 mL with deionized water. The solution was filtered and the mineral content determined using ICP-OES against the standard solution.
VITAMINS ANALYSIS
The analysis for the 5 types of vitamin B was carried out simultaneously using High Performance Liquid Chromatography with Diode Array and Fluorescence Detector. The method involved a simple removal of protein by chemical precipitation using trichloroacetic acid, followed by reversed phase LC with ion-pair reagent (Woollard & Indyk 2002) . Six grams of sample was weighed into a 100 mL flask. The sample was dissolved in 30 mL warm water followed by the addition of 0.6 M trichloroacetic acid (TCA). The flask containing the mixture was shaken on a mechanical shaker for 15 min. The resulting mixture was filtered into an HPLC vial and B1, B3 and B9 content determined by the Diode Array Detector against a standard solution, while the contents for B2 and B6 were determined by Flourescence Detector against the standard solution.
The analysis for Vitamin C was carried out using High Performance Liquid Chromatography (HPLC) with Diode Array Detector. The method involved dissolution of sample in Tris (2-carboxyethyl)-phosphine hydrochloride acid and simple removal of protein using trichloroacetic acid (TCA) followed by reversed phase LC (Brause et al. 2003) . Five grams of sample was weighed into a 100 mL flask and then dissolved and acidified in 20 mL Tris (2-carboxyethyl)-phosphine hydrochloride solution. This solution was then made up to 100 mL with 1% TCA solution and shaken for about 1 min. The resulting mixture was filtered into an HPLC vial and Vitamin C content determined by Diode Array Detector against the standard solution.
The analysis for fat soluble vitamins A and E, was carried out simultaneously using High Performance Liquid Chromatography with Diode Array and Fluorescence Detector. This method involved the saponification of standards and samples in basic ethanol-water solution, extraction of the analyte from the neutralised mixture, followed by reversed phase LC (DeVries & Silvera 2002) . During this process, fat was converted into fatty acids and vitamin A and vitamin E into retinol and alphatocopherol, respectively. A 5 g sample was weighed into a 250 mL flask followed by the addition of a pea-sized pyrogallol acid as an antioxidant and 40 mL of 95% ethanol. This solution was then saponified with 10 mL of 50% potassium hydroxide (KOH) under controlled conditions. Ten mL of glacial acetic acid was then added to neutralise the KOH and the vitamin A and vitamin E extracted into a mixture of THF and ethanol (50+50) solution. The extractant was filtered into an HPLC vial and the Vitamin A content was determined by Diode Array Detector against the standard solution, while Vitamin E content was determined by Fluorescence Detector against the standard solution.
TOTAL SUGAR CONTENT
The analysis of total sugars, sucrose, glucose, fructose, lactose and maltose were done using High Performance Liquid Chromatography (HPLC) with Evaporative Light Scattering Detector (ELSD).
FATTY ACID PROFILE
Fatty acids in samples were determined by converting the triglycerides and phospholipids in the samples into fatty acids methyl esters (FAME) by saponification and esterification in the presence of boron trifluoride with triglyceride triundecanoin C 11:0 added as the internal standard (AOAC 2005) . The resulting fatty acid methyl esters were then analysed using Agilent Technologies 7890A Gas Chromatograph with a Flame Ionisation Detector, equipped with a capillary column DB-WAX (30 m × 0.250 mm, film thickness 0.25 um) and helium as the carrier gas. Individual fatty acid concentrations in the samples were determined by comparing their respective chromatograms with that of the standard. Total fat is calculated as sum of the individual fatty acid expressed as triglyceride equivalents, while saturated, monounsaturated, polyunsaturated and trans fats were calculated as sum of the respective fatty acids.
CHOLESTEROL ANALYSIS
Lipid in the test portion of a sample was saponified with ethanolic KOH solution. The unsaponified fraction containing cholesterol and other sterols was extracted with toluene and derivatised with hexamethyldisilane (HMDS) and trimethylchlorosilane (TMCS) to its trimethylsilyl (TMS) ethers which were then quantified by gas chromatography (AOAC 2008) . A 5 g sample was weighed into a 250 mL flask followed by the addition of 40 mL of 95% ethanol. This solution was then saponified with 8 mL of 50% potassium hydroxide (KOH) under controlled condition. Once completed, the mixture was extracted with toluene to remove the unsaponified fraction containing cholesterol and other sterols. The toluene extract was then washed with water and the toluene collected was then evaporated to dryness. The residue left was then dissolved in dimethylformamide (DMF) solution and derivatized with HMDS and TMS and subsequently analysed for sterols using 5 alpha cholestane as the internal standard.
STATISTICAL ANALYSIS SPSS (V 18.0) was used for the statistical analyses of this study. The mean difference among groups was compared using Kruskal-Wallis test. Significance was accepted at probability p<0.05. All results were reported as mean and range.
RESULTS AND DISCUSSION PROXIMATE COMPOSITION Table 1 shows the proximate composition of commercial biscuits in Malaysia. Carbohydrate was the major macronutrient in commercial biscuits and ranged from 56.86 to 66.07 g/100 g. Each serving consists of 6 pieces and each piece weighs about 10 g on average. One serving of these biscuits contains 34.12 to 39.64 g of total (Fardet 2010; Marquart et al. 2002) . The moisture content was ranged from 1.98 to 4.67 g/100 g and shows a variation among all the biscuits. Moisture plays a critical role in determining the quality and shelf life of sugar-based confections (Ergun et al. 2010 ). The ash content also differs among all the biscuit. The ash content of a food sample related to the mineral elements present in the food sample (Ogu & Ugwu 2011) . Meanwhile, the total dietary fibre in all the samples ranged from 3.58 to 7.15 g/100 g. Fully coated chocolate wafer, oatmeal biscuit and wholemeal crackers contain the highest dietary fibre in one serving (4.29, 4.22 and 3.92, respectively). There was an effort by the industry to increase the total dietary fibre intake of populations by using oat and wholemeal grain as ingredient in the biscuits. Oat and wholegrain foods are rich in dietary fibre (Fardet 2010; Marquart et al. 2002) . There were also available reports on the use of oat bran, wheat bran, rice bran as a source of dietary fibre content in bread and other bakery products (Laurikainen et al. 1998; Sidhu et al. 1999 ).
MINERALS COMPOSITION
The mineral composition of commercial biscuits in Malaysia is shown in Table 2 . The major minerals detected in biscuits were sodium (Na) 99.10 to 641.12 mg/100 g, calcium (Ca) 43.48 to 134.40 mg/100 g and magnesium (Mg) 17.37 to 62.06 mg/100 g. Both Na and Mg show significant difference (p<0.05) between different types of biscuits. Meanwhile, there were no significant difference (p>0.05) in the Ca content in all the biscuits studied. The iron (Fe) content in all types of biscuits ranges from 1.25 mg/100 g to 4.62 mg/100 g. There was significant difference (p<0.05) in the Fe content among various types of biscuits. The iron content in chocolate chip biscuits 4.62 mg/100 g in this study is higher compared to data from USDA Nutrient Database (USDA SR25 2012) 2.7 mg/100 g, Australia Nutrient Database (NUTTAB 2010) 1.9 mg/100 g and UK Nutrient Database (CoF IDS 2002) 1.3 mg/100 g. Zinc (Zn) and copper (Cu) were also detected but in small amounts. Table 3 shows the vitamins content of commercial biscuits in Malaysia. There are significant difference (p<0.05) in vitamin B1, vitamin B2, vitamin B6 and B9 between different types of biscuits. Meanwhile, there were no significant differences in vitamin B3 in all the biscuits studied. No vitamin C was detected in all the various biscuits studied. Vitamin A content ranges from 35.00 to 143.00 μg/100 g while vitamin E content ranges from 0.23 to 6.33 mg/100 g. No significant differences (p>0.05) in vitamin A and E content were detected in all the samples. Vitamin A is important for vision and healthy skin whereas vitamin E acts as an antioxidant and protects cell wall (Mahan & Escott-Stump 2000) . FAO/WHO (2002) recommends a vitamin A intake of 600 μg RE/day for men aged 19 to 65 years old and 500 μg RE/day for women aged 19 to 65 years old.
VITAMINS CONTENT
SUGAR COMPOSITION
The sugar content of Malaysian commercial biscuits is shown in Table 4 . Results show that there are significant differences (p<0.05) in the total sugar, sucrose, fructose, lactose and maltose content between different types of biscuits. While for glucose content, no significant differences (p>0.05) shown. Sucrose which was detected in all types of biscuits was the major contributing sugar to the total sugar content. Sugar composition of commercial biscuits in Malaysia ranged from 4.96 to 39.13 g/100 g. The recommended intake of free sugars (monosaccharides and disaccharides added to food and naturally occurring sugars such as honey, syrups and fruit juices) by WHO/FAO (2003) that it should be less than 10% from total energy intake, for instance 50 g sugars for a 2000 kcal diet.
FATTY ACID COMPOSITION
Fatty acid composition of Malaysian commercial biscuits is presented in Table 5 . Saturated fatty acids (SFA) were the major fatty acids composition in all biscuits analysed and ranged from 8.99 to 16.28 g/100 g. The total SFA content showed a significant differences (p<0.05) between different types of biscuits. Palmitic acid (C16:0) constituted the main component of the SFA, ranging from 7.39 to 9.07 g/100 g. The presence of high amounts of C16:0 indicates the use of palm oil and palm kernel oils as other sources of fat (Norhayati et al. 2011) . This is reflected in the nutrition information on the packaging for most samples.
Total monounsaturated fatty acids (MUFA) ranged from 6.01 to 7.94 g/100 g. Total MUFA composition for all biscuits analysed were not significantly different (p>0.05). Among the MUFA, oleic acid (C18:1) constituted the highest component with content ranging from 5.95 to 7.84 g/100 g.
There are significant differences (p<0.05) in the total polyunsaturated fatty acids (PUFA) content between different types of biscuits. Among the PUFA, linoleic acid (C18:2) was the highest component with content ranging from 0.34 to 2.75 g/100 g followed by eicosadienoic (Caponio et al. 2006 ). The trans fatty acid (TFA) content ranged from 0.02 to 0.68 g/100 g. There are significant differences (p<0.05) in the TFA content between different types of biscuits. The trans fatty acid (TFA) content in Malaysian commercial biscuits was also very low ranging from 0.02 to 0.68 g/100 g. The WHO/FAO (2003) had recommended less than 1% of daily energy intake of TFAs. The TFA content among all types of biscuit is varied because of the differences in the conditions of the hydrogenation process, such as temperature, pressure, type and amount of catalyst and agitation rate which affect the resulting TFA content of the oil used. Food producers may use single hydrogenated and non-hydrogenated fats and oils to achieve a final product with the desirable characteristics (Innis et al. 1999; Karabut et al. 2003) . The TFA content of chocolate chip biscuits 0.03 g/100 g in this study is lower than that in the data from UK Nutrient Database (CoF IDS 2002) which was 0.28 g/100 g. For cream filled biscuit, the result in this study 0.05 g/100 g is lower than that in the data from UK Nutrient Database (CoF IDS 2002) which was 2.0 g/100 g.
CHOLESTEROL CONTENT
The cholesterol content in Malaysian commercial biscuits is shown in Table 6 . The cholesterol content in Malaysian commercial biscuit ranged from 1.42 to 35.65 mg/100 g. There are significant differences (p<0.05) in the cholesterol content between different types of biscuits. The WHO/FAO (2003) recommended nutrient intake of cholesterol should be less than 300 mg per day.
CONCLUSION
This study showed that Malaysian commercial biscuits are a good source of carbohydrate, calcium and magnesium which benefit human health. It also shows that Malaysian biscuits contain low proportion of trans fatty acids compared to biscuits from other countries. These findings provide information on the nutritional content of various commercial biscuit products in Malaysia to assist the public in making healthy food choices. It also enhances the Malaysian Food Composition Database that is as reference by nutritionists, dieticians and researchers.
